The genetical expectations of mean and variance for a quantitative character of populations of lines produced by diploidising haploids on the one hand, and by single seed descent on the other, are compared. There is no difference in the expectations in the absence of linkage. When linkage is present, however, the frequency of recombinant lines is higher in populations of SSD lines and differences in variances are obtained. The magnitude and direction of these differences are shown to depend on the initial linkage phase, the recombination frequency and whether non-allelic interactions are present.
INTRODUCTION
INCREASING interest is being shown by breeders of self-pollinating crops in methods whereby segregating material can be rapidly advanced to homozygosity without selection. Two main methods are currently employed.
First by the production of diploidised haploids (see Kasha, 1974 , for review of methods) and secondly by single seed descent (Goulden, 1939; Kaufmann, 1961 Kaufmann, , 1971 Brim, 1966; Knott and Kumar, 1975) .
In certain crops, and in particular barley, Hordeum vulgare, both methods can, and are, currently being used by plant breeders.
In the present note the genetical expectations of populations produced using these two methods are compared, with particular emphasis on the effect of linkage between the genes controlling a quantitative character.
THEORY
In comparing the means and variances of populations produced using both methods it is assumed that the population of diploidised haploid (DH) lines is produced from the F1 of a cross between two inbred lines. Similarly the population of single seed descent (SSD) lines is derived by selfing such an F1 and its subsequent generations. It is further assumed that no selection of gametes or genotypes occurs in producing either population.
In the absence of linkage the genetical compositions of the SSD and DH populations are, of course, the same; the frequency of each homozygous genotype being ()', where k is the number of segregating loci. The mean of such a population is defined by Mather and Jinks (1971) as Van der Ween's F metric, which in the absence of non-allelic interaction is equal to the midparental value.
The variance of each population is, of course, D + I, where D = S(d2) and I = S(i2).
However, some residual variation may remain in the SSD population depending on the number of generations of SSD, and exact expectations in this case are given by Snape and Riggs (1975) .
In a plant-breeding context both methods are equally efficient in releasing variation from a cross, irrespective of the genetical architecture of the character under consideration, providing, of course, that no unconscious selection occurs during the development of either set of lines.
(ii) With linkage
The effect of linkage on the expectations of the means and variances of DH and SSD populations can be demonstrated by consideration of the two locus situation.
Consider two loci A-a, B-b, linked with a recombination frequency p. Two parental configurations are possible, first with the increasing alleles in coupling, the F1 being AB/ab and secondly in repulsion, the F1 being Ab/aB.
The genetical expectations of the DH and SSD populations produced from these F1's are easily derived.
First considering the population of DH lines, the frequency of each nonrecombinant line is (l -p) and of each recombinant line, p, so that the expectations of mean and variance are, using the notation of Mather and Jinks: Mean
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Turning to the population of SSD lines, if the number of generations of SSD practised is such that the amount of residual heterozygosity is small then the frequency of each homozygous non-recombinant line is I / (2(1 + 2p)) and of each recombinant line p/(l + 2p), (Haldane and Waddington, 1931) .
The expectations of mean and variance of this population are:
Turning first to a comparison of the means of the two populations, it can be seen that in the absence of non-allelic interaction the expectations are the same. If homozygote x homozygote (i) type interactions are present, however, then differences will occur. The magnitude of this difference will depend on the recombination frequency, with a maximum difference when p = O•207. The direction of the difference will depend on both the initial linkage phase and on whether the interaction is of a complementary or duplicate nature (Mather, 1967) . On the one hand coupling linkage with complementary interaction and repulsion linkage with duplicate interaction will increase the mean of the DH population relative to the mean of the SSD population; whilst coupling linkage with duplicate interaction and repulsion linkage with complementary interaction will decrease the mean of the DH population relative to that of the SSD population.
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Differences between the variances of the two populations will likewise depend on the linkage phase. Since the frequency of recombinant lines produced by SSD is always greater than that of DH populations (i.e. 2p/(l +2p) >p, when O<p<O.5) then the variance of SSD populations will be greater when the increasing alleles are initially in the repulsion phase, and less than the DH population when the increasing alleles are initially in the coupling phase. In the absence of interaction the maximum difference occurs when p = 02O7 for both linkage phases.
When interaction is present, this acts to increase the difference between the populations when the increasing alleles are initially in the repulsion phase and to reduce the difference in the coupling phase. Here the values of p giving maximum difference also depend on the linkage phase with p = 0294 for coupling and p = 0.170 for repulsion.
When three or more linked genes are involved in the control of the character, the differences between the variances will depend on the relative numbers of coupled and repulsed alleles and on their recombination frequencies. However, from the above results, it would be expected that for situations of predominantly repulsion linkage the variance of the SSD population will be greater than that of the corresponding DH population and vice versa for predominantly coupling relationships. Furthermore, the differences are expected to be greatest for intermediate recombination frequencies and, when non-allelic interactions are present, with repulsion linkages.
In a plant-breeding situation the breeder is generally interested in maximising the variation from a cross, which involves the recombination of genes dispersed between the parents. In this case SSD would appear to be a more efficient method than haploid production due to the opportunity for recombination over more than one generation.
